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© Multi-dose inhaler for medicaments in powder form. 

(§) A multi-dose inhaler (1; 2) for medicaments in 
powder form comprises a container unit (24; 124) for 
the medicament in powder form, a withdrawal and 
dose preparation unit (22, 26; 122, 126) for said 
medicament, and a unit (16, 50; 152, 176) for mixing 
the dose of medicament with an air stream. The 
withdrawal and dose preparation unit comprises: a 
cup-type conveyor device (22; 122) provided with at 
least one cup (20; 120) for withdrawing from the 
container unit a certain quantity of powder and con- 
veying it into a dispensing position, the cup (20; 120) 
having two coaxial identical holes (56; 156); and a 
plunger-type dispensing device (36; 106) disposed 
above the mixing unit, the plunger (36; 106) being 
insertable as an exact fit into and withdrawable from 
the holes (56; 156) in the cup (20; 120) when this 
latter is in the dispensing position, to cause a dose 
of medicament in powder form to fall into the mixing 
unit. 
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MULTI-DOSE INHALER FOR MEDICAMENTS IN POWDER FORM 



This invention relates to inhalers for bronchial 
or nasal administration of a dose of medicament in 
fine or micronized powder form. 

Inhalers of this type are well known and can be 
divided substantially into two categories. 

A first category comprises Inhalers which use 
capsules normally formed of rigid gelatin or or 
another atoxic material. Each capsule contains a 
fixed quantity of powdered medicament forming the 
dose to be inhaled. Such inhalers comprise device 
for perforating or more generally opening (by var- 
ious means) the capsule which is inserted into the 
inhaler when required. 

An air stream generated by a sucking action by 
the user removes the contained powder from the 
opened capsule. The empty capsule is then ex- 
pelled from the inhaler, which is then ready to 
receive the next capsule. In a known type of inhaler 
(see US-A-3,906,950 and US-A-4,01 3,075) the cap- 
sule when perforated at both its ends is held still 
during inhalation. The air stream which passes 
through it as a result of the inhalation removes the 
powdered medicament from its interior. 

In another type of inhaler (see US-A-3,807,400 
and US-A-3,991,761) the capsule, previously 
opened by suitable means, is set into movement 
by the action of the air stream produced by the 
inhalation, and is completely emptied thereby. 

A further type of known inhaler (see EP-A-0 
211 595) does not use individual capsules but 
instead is loaded with a disc-shaped pack compris- 
ing close to its periphery a series of blisters equi- 
distant from each other and from the centre of the 
pack. These blisters contain a fixed quantity of 
powdered medicament This pack is placed on a 
circular tray forming part of the inhaler and rotat- 
able about its central axis. The tray contains holes 
in positions corresponding with the individual blis- 
ters and allows each blister to be moved into a 
predetermined position in which the blister is 
broken by a suitable opening device, so releasing 
the powder, which can then be inhaled. 

Another type of inhaler, known as a multi-dose 
inhaler because it comprises a container containing 
a quantity of medicament sufficient for several 
doses, is described in EP-A-0 069 715 and in 
addition to said container comprises a device for 
withdrawing the powdered medicament contained 
in the container and for preparing the dose. This 
withdrawal and dose preparation device comprises 
a plate having a certain thickness and comprising a 
certain number of through holes. The plate can be 
moved from a position in which by mechanical 
means a proportion of said holes are filled with 
powdered medicament taken from the container, to 



another position in which the holes filled with medi- 
cament are located within a channel. Air flows into 
this channel as a result of suction provided by the 
user via a suction mouth in communication with the 

5 channel, to remove the powdered medicament 
from said holes. A scraper device is also provided 
to level the powder in the plate holes on that side 
facing the container. According to the inventor this 
scraper should ensure complete filling of said holes 

to and consequently a constant dose. Although in said 
document this scraper is stated to be optional, it 
must be considered essential for the proper opera- 
tion of the inhaler because in its absence an ex- 
tremely variable dose is obtained. This is because 

75 it is extremely easy for the respective holes not to 
be completely filled with powdered medicament 
because of the poor flowability of the powders 
used. 

However even with the scraper present the 

20 holes in the plate are not always completely filled, 
and there is thus an excessive dosage variability 
which, specially in the case of medicaments to be 
dispensed in very small doses, could result in 
substantial inactivity of the medicament. 

25 This multi-dose inhaler can also comprise ro- 

tary means (a rotatable impeller in the embodiment 
illustrated in EP-A-0 069 715) the purpose of which 
is to disintegrate any agglomerations of medica- 
ment particles. 

30 Compared with inhalers using capsules con- 

taining a fixed quantity of medicament, multi-dose 
inhalers have undoubted advantages of conve- 
nience and marketability. However such inhalers 
suffer from substantial drawbacks particularly con- 

35 nected with the dose preparation device which, as 
already stated, is intrinsically unsuitable for dis- 
pensing sufficiently precise and constant amounts. 
The result is that powder quantities (doses) and 
hence medicament quantities are dispensed which 

40 do not conform to the declared quantity and are 
not constant. In addition the dispensed quantity is 
difficult to check by the appropriate authority. 

Other drawbacks of known multi-dose inhalers 
are as follows: 

45 - although being single-piece devices, the pow- 
dered medicament contained in them is insuffi- 
ciently protected, even il packaged in containers 
together with moisture absorption means; 

- the powder drawn in is insufficiently mixed with 
50 the air (ie the resultant mixture contains an insuffi- 
cient air quantity for the powder quantity drawn in 
at each inhalation); 

- the air connections are always o( small size, 
making them difficult to draw through by the user. 

The main object of the present invention is to 
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provide an inhaler of multi-dose type (ie provided 
with a container containing a powdered medica- 
ment quantity sufficient for several doses) compris- 
ing a withdrawal and dose preparation device for 
the powdered medicament which ensures suffi- 
ciently precise and constant dose preparation, even 
for small doses. 

A further object of the invention is to obviate 
the other aforesaid drawbacks of known multi-dose 
inhalers. 

The aforesaid main object is attained according 
to the present invention by a multi-dose inhaler 
comprising a container unit for the medicament in 
powder form, a withdrawal and dose preparation 
unit for said medicament, and a unit for mixing the 
dose of medicament with an air stream which is 
generated within a duct as a result of inhalation by 
the user, characterised in that the withdrawal and 
dose preparation unit comprises: a cup-type con- 
veyor device provided with at least one cup for 
withdrawing from the container unit a certain quan- 
tity of powder and conveying it into a dispensing 
position, the cup having two coaxial identical holes; 
and a plunger-type dispensing device disposed 
above the mixing unit said plunger being inser- 
table as an exact fit into and withdrawable from 
said cup holes when the cup is in said dispensing 
position, to cause a dose of medicament in powder 
form to fall into the mixing unit. 

According to one embodiment of the present 
invention, a wall separates the withdrawal and dose 
preparation unit from the mixing unit, an aperture 
being automatically openable in said wall to enable 
the dose of medicament in powder form to fall into 
the mixing unit following operation of the plunger 
when the conveyor device is in the dispensing 
position. 

Conveniently, the multi-dose inhaler is provided 
with means for producing vibrations. The effect 
produced by these vibration-producing means fa- 
cilitates the flow of the powder from the container 
unit to the mixing unit, and the complete filling of 
the cup or cups of the conveyor device. 

The vibration-producing means can be oper- 
ated either directly by the movement of the con- 
veyor device or independently of it. The conveyor 
device can be operated by a suitable manual op- 
erating means, such as a simple knob, which trans- 
mits the movement to the conveyor device by 
means of a shaft. Alternatively, the conveyor device 
can be motorized. For this purpose an electric 
stepping micro-motor can be used, preferably 
powered by batteries contained within the body of 
the inhaler. These batteries can also be of the 
rechargeable type. 

If the vibration-producing means are indepen- 
dent of the conveyor device, they can be operated 
either manually or by a suitable micro-motor. 



The dispensing piston device is preferably 
manually operated by its own operating means, 
such as a simple button to press with the fingers. 
Tliere is however nothing to prevent the dispensing 

5 device being operated by a micro-motor, powered 
by the aforesaid batteries. 

An elastic return means, such as a simple 
spring, returns the plunger to its initial position. If 
all or some of the devices of the inhaler are motor- 

w ized, it can be convenient to provide a micropro- 
cessor means which controls all said motorized 
devices in accordance with a predetermined pro- 
gram. 

The inhaler can be of the disposable type so 

15 as to be thrown away when the powder is finished. 
Alternatively it can be of the rechargeable type, in 
which case it can comprise a container unit of 
replaceable type, so that when empty of powder it 
can be replaced with a new container unit full of 

20 powder. Again, the container can be of openable 
type and be refilled with the scheduled quantity of 
powder, provided for example in sealed sachets. 

The inhaler can also be provided with a con- 
ventional device for indicating when the container 

25 is empty of powder. For example when the last 
useful dose has been dispensed, a warning light or 
other suitable signal appears. 

Preferably, said signal appears when a pre- 
determined number of doses are still available be- 

30 fore the medicament has been totally consumed. In 
this manner the user has sufficient time to acquire 
a new inhaler or recharge it before being com- 
pletely depleted of doses. 

In one embodiment of the invention, to enable 

35 the door provided in the wall separating the with- 
drawal and dose preparation unit from the mixing 
unit to be automatically opened in a very simple 
manner, the plunger of the dispensing device com- 
prises a coaxial needle fixed to the front face of the 

40 plunger. When the plunger is operated, this needle 
automatically opens said door. The needle has a 
sufficiently small cross-section to prevent any sig- 
nificant compression of the powder contained in 
the cup before the needle opens the door. Any 

45 compression of the powder could cause its com- 
paction, with all the obvious drawbacks associated 
therewith. 

When the plunger returns to its rest position a 
return spring automatically closes the door. 

so According to a further embodiment of the in- 

vention, instead of said rotatable door and needle, 
a device can be provided comprising a mobile 
plate or the like which moves perpendicularly to 
the direction of movement of the plunger and is 

55 automatically operated as a result of the operation 
of this latter, to cause the dose of medicament in 
powder form to fall into the underlying mixture unit. 
In particular, the mobile plate can comprise a hole 
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of the same size as the coaxial holes in the cup of 
the conveyor device, said plate being mobile be- 
tween two positions, namely a rest position in 
which the mobile plate closes the communication 
between the cup and the mixing unit, and a second 
position in which the hole in said mobile plate 
coincides coaxially with said two holes in the cup- 

If the particular powdered medicament used 
should undergo compaction by the action of said 
needle, instead of the needle- type opening device 
a common opening device comprising levers op- 
erated by the movement of the plunger could be 
conveniently used. 

The unit for mixing the dose of medicament in 
powder form with an air stream generated by the 
sucking action of the user comprises a channel 
through which said air stream flows. The sucking 
action is normally exerted through a mouthpiece 
about which the user can place his lips. 

If the dose of medicament in powder form is to 
be administered nasally, the inhaler is provided 
with a suitable nasal adaptor or the mouthpiece is 
shaped to adapt to the nostril. 

Conveniently, means are provided in the mix- 
ing unit of the multi-dose inhaler according to the 
present invention to disintegrate any agglomerates 
of medicament particles which can form 1or various 
reasons, in particular, it is advisable to provide 
such disintegration means if the device for opening 
the door which closes the passage between the 
withdrawal and dose preparation unit and the mix- 
ing unit is of needle type. 

The means for disintegrating the powdered 
medicament can be of rotatable type (such as a 
rotatable impeller) or of fixed type (such as a fixed 
helical element). 

The invention will be more apparent from the 
following description of two embodiments thereof 
given by way of example, in this description refer- 
ence is made to the accompanying drawings, in 
which: 

Figure 1 is a schematic vertical sectional view of 
a multi-dose inhaler according to the present 
invention, taken on the mouthpiece axis; 
Figure 2 is a front view thereof; 
Figure 3 is a top plan view thereof; 
Figure 4 is a horizontal cross-section thereth- 
rough on the line IV-IV of Figure 1; 
Figure 5 is a perspective view of a cup of the 
conveyor device; 

Figure 6 is a modification of the cup of Figure 5; 
Figure 7 is a front view of a second embodiment 
of an inhaler according to the invention; 
Figure 8 is a side view thereof; 
Figure 9 is a top plan view thereof; 
Figure 10 is a vertical section on the line X-X, 
there being also provided a closure cap on the 
mouthpiece; and 



Rgure is a horizontal section therethrough on 
the line XI-XI of Rgure 11, but with the mouth- 
piece closure cap removed. 
From Rgures 1 to 6 it can be seen that the 

5 inhaler 1 consists substantially of a hollow cylin- 
drical body 10 closed lowerly by a knurled coaxial 
knob 12 which projects a little beyond the body 10. 

A mouthpiece 16 projects laterally from the 
cylindrical body 10 of the multi-dose inhaler 1. 

w Above the cylindrical body 10 there is the 
withdrawal and dose preparation unit which com- 
prises an annular hollow enclosure or channel 18 
enclosing the conveyor device 22. The cups 20, 
fixed to one end of a horizontal arm 23, can slide 

15 within the annular hollow enclosure 18, which is of 
rectangular cross-section. The other end of the arm 
23 is fixed to the upper end of a vertical shaft 14 
coaxial to the knurled knob 12. The arms 23 can 
rotate within a disc-shaped space which is periph- 

20 erally in communication with the channel 18, en- 
closed between a lower wall 19 which upperly 
closes the cylindrical body 10. and an upper wall 
21 defined by the channel 18. 

In the lower wall 19 there is provided a hole 

25 through which the shaft 14 passes in a sealed 
manner. The lower end of the shaft 14 is fixed to 
the centre of the knob 12, so that on operating this 
latter the arms 23 with their relative cups 20 rotate 
in a horizontal plane. 

30 A first cylindrical enclosure 24 forming the con- 
tainer unit for the medicament in powder form and 
a second cylindrical enclosure 26 enclosing the 
actual dispensing device project upwards from the 
top of the inhaler 1. 

35 The container 24, internally in the form of a 

hopper 32, communicates via a base aperture 28 
with the channel 18 within which the cups 20 slide. 
The container 24 is closed upperly by a cap 30. 
The cylindrical enclosure 26 encloses a vertical 

40 cylindrical guide 34 within which the plunger 36 
can slide in both directions. A lateral knob 38 
(Rgures 2 and 3) fixed to the top of the plunger 36 
by a connection stem 42. allows the plunger 36 to 
be pushed downwards. The stem 42 can slide in a 

45 vertical slot (not shown in the figures) which ex- 
tends laterally through the entire height of the 
cylindrical enclosure 26. A helical return spring 40 
returns the plunger 36 into its upper position shown 
in Rgure 1. this being its normal position {or rest 

so position) when the knob 38 is not pressed. A co- 
axial needle 44 is fixed to the lower face of the 
plunger 36 to automatically anticipate the opening 
of the door 46 provided in the base of the channel 
18 at the plunger 36. The door 46 is provided with 

55 a suitable return spring (not shown in the figures) 
which closes it automatically when the needle 44 
disengages from it. 

Although for clarity the needle 44 is shown in 



4 



7 



EP 0 424 790 A2 



8 



Figure 1 with rattier large transverse dimensions, in 
reality It will have only a minimum transverse di- 
mension, compatible with constructional require- 
ments and its mechanical strength. This means that 
the medicament in powder form contained in the 
cup 20 is compacted as little as possible when the 
needle 44 passes through it. 

Although the described device for opening the 
door 46 is very simple, it is apparent to the expert 
of the art that other opening devices for this door 
could equally be used. As already stated, the open- 
ing can for example be controlled by suitable le- 
vers operated by the movement of the plunger 36. 
This thus obviates any compression of the pow- 
dered medicament due to the presence of the 
needle 44, especially if the particles of medicament 
have the tendency to agglomerate. 

As can be seen from Figure 1, the door 46 
connects the channel 18 to the mixing channel 48 
within the mouthpiece 16. This mixing channel con- 
tains a conventional impeller 50 which is rotatable 
about its own horizontal axis and is located below 
the door 46. 

In the vicinity of the impeller 50 there is pro- 
vided a suitably sized air port 52 which connects 
the mixing channel 48 to the interior of the cylin- 
drical body 10. 

Suitable slots 54 provided in the side wall of 
the cylindrical body 1 0 enable external air to enter 
it. In the illustrated embodiment two diametrically 
opposing cups 20 are provided, so that the relative 
arms 23 are coaxial. It is however apparent that 
these cups can be other than two in number, or 
even just one. The cups 20 can have the shape 
shown in Figure 5 or Figure 6. Specifically, in 
Figure 5 the cup is of parallelepiped shape and is 
open at its front face. The upper and lower faces of 
the parallelepiped comprise two coaxial circular 
holes 56, of such dimensions as to . receive the 
plunger 36 as an exact fit. Conveniently the holes 
56 are tangential to the inner wails of the cups 20. 

In Figure 6 the cup is of semicytindrical shape, 
but is otherwise identical to that ol Figure 5. The 
holes 56 are again tangential to the semicylindrical 
inner wall of the cup 20. By means of suitable 
notches (not shown in the figures) provided on the 
knurled knob 12 and corresponding notches (also 
not shown) provided on the lower outer part of the 
cylindrical body 10. it is possible by rotating the 
knob to position one of the cups 20 such that the 
two opposing coaxial holes 56 in the cup 20 are 
coaxial with the plunger 36. Instead of said notches 
other conventional means tor identifying said pre- 
determined positions can be used. 

As stated, to facilitate movement of the pow- 
der, the inhaler 1 is provided with means for pro- 
ducing vibrations. In this specific case, said means 
consist of a knurled drum 64 arranged coaxially on 



she shaft 14. The ends of two preloaded elastic 
blades 66 slide along the surface of the drum 64, 
their other ends being fixed to the interior of the 
cylindrical body 10. Other conventional means for 

5 producing vibrations, including motorized means, 
can however be usefully used. 

The operation of the multi-dose inhaler 1 is 
apparent from the aforegoing description. However 
a short description is given hereinafter for greater 

io clarity. 

It will be assumed that the hopper 32 of the 
container 24 already contains a quantity of medica- 
ment in powder form sufficient for a certain number 
of doses, for example 100. The powder can fall by 

15 gravity (aided by the action of said vibration-pro- 
duction means 64, 66) through the lower aperture 
28 of the hopper 32 and into the annular channel 
18 within which the cups 20 move. These latter 
have their mouth 60 facing the direction of ad- 

20 vancement so that in passing from the first with- 
drawal position (corresponding to the container 24) 
to the second dispensing position (corresponding 
to the plunger 26) the cups 28 become completely 
filled with powder. 

25 When a cup 20 is in the said second position 

(the holes 56 being coaxial with the plunger 36), on 
pressing the knob 38 which operates the plunger 
36. this latter is lowered. The needle 44 of the 
plunger 36 passes through the powder contained in 

30 the cup 20 by passing through the holes 56, to 
open the door 46. The subsequent action of the 
plunger 36, which operates in the manner of a 
punch, causes a certain quantity of powder to fall 
onto the impeller 50 in the mixing channel 48. On 

35 releasing the knob 38 the plunger 36 returns to its 
normal position under the action of the return 
spring 40, and the door 46 recloses. If the user 
now removes the cap 62 and sucks through the 
mouthpiece 16 with his mouth, he generates an air 

40 stream, which is drawn from the outside through 
the slots 54 and passes through the aperture or 
apertures 52. This air stream causes the impeller 
50 to rotate at speed, so mixing in the best possi- 
ble manner with the air the dose of powder which 

45 has fallen onto the impeller 50. The air stream 
loaded with powder then proceeds towards the 
mouth of the mouthpiece, to enter the oral cavity of 
the patient. 

The cross-section of the slots 54 and the ap- 
50 erture or apertures 52 must be such as not to 
compel the user to use excessive sucking force, as 
happens in the case of many known multi-dose 
inhalers. 

If inhalation is to take place through a nostril, 
55 the inhaler is provided for this purpose with a 
suitable adaptor to fit onto the mouthpiece 16. 
Alternatively, this latter can be shaped to adapt to 
the nostril. 
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The fall of the powder from the hopper 32 into 
the channel 18 and the complete filling of the cups 
20 are facilitated by the provision of the aforesaid 
vibration-producing means. 

The illustrated inhaler is of the manually op- 
erated type. However a stepping micro-motor and 
the necessary transmission and rotation reduction 
elements can be easily fitted into the cylindrical 
body 10 to transmit movement to the shaft 14 and 
consequently to the cup conveyor device 22. 

Instead of the knurled drum 64 and blades 66 a 
conventional motorized vibration-producing means 
can be accommodated in the same free space, for 
example an eccentric member rotated by the afore- 
said micro-motor or another micro-motor. 

The movement of the plunger 36 and. in the 
limit, the opening of the door 46 can be motorized 
by a micro-motor. 

All these micro-motors are powered by bat- 
teries, possibly of rechargeable type, conveniently 
situated in the cylindrical body 10. 

A conventional device can also be provided to 
indicate, by lighting a warning lamp or similar 
means, that the last useful dose has been delivered 
or preferably that the medicament will have been 
completely consumed after a certain remaining 
number of doses. From tests carried out it has 
been found that the multi-dose inhaler according to 
the present invention attains the aforesaid objects. 
In particular it provides doses which fall within the 
narrow tolerances defined for dispensers of small 
doses of medicament in powder form. 

Rnally, a microprocessor can be provided to 
control all or part of the previously described mo- 
torized devices, in accordance with a predeter- 
mined program. 

Figures 7 to 10 show a second multi-dose 
inhaler according to the present invention. As is 
apparent from these figures the inhaler 2 is of 
particularly compact form in addition to being of 
completely manual operation and providing high 
precision in dispensing the medicament in powder 
form. The inhaler 2 is particularly suitable for plas- 
tics construction. 

As can be seen from Figure 10, the inhaler 2 
comprises a cylindrical body 100. In the cylindrical 
body 100 there is provided a container 124 of 
hopper shape. This container, which in Figure 10 
appears to be rather small, has in effect an elon- 
gate shape when viewed in plan, as can be seen in 
Figure 11. 

In any even! the capacity of the container 124 
will be made proportional to the predetermined 
number of medicament doses required to be dis- 
pensed by the inhaler 2. 

The container 124 comprises a circular upper 
aperture for loading the medicament in powder 
form, and closed by a stopper 130. 



As can be seen from Bgure 10 the container 
124 is fixed by a support element 102 which is 
overall of disc shape. 

This latter also carries a cylindrical sleeve 104 
s of vertical axis constructed integrally with the sup- 
port disc 102 and extending upwards from the 
upper face of the disc 102. 

Said sleeve 104 acts as a guide for a plunger 
106 mobile vertically in both directions and forming 
70 part of the dispensing device for the powdered 
medicament 

Wheh at rest, the plunger 106 is kept in its 
highest position (Figure 10) by the helical return 
spring 140. The upper end of the plunger 106 is 
75 fixed by a male and female forced connection 110 
to the knob 138, which can be pressed downwards. 
Consequently on pressing the knob 138 the plung- 
er 106 is lowered. 

The invention 2 is closed at its top both by the 
20 knob 138 and by a closure cap 181 snap-fitted 
onto the cylindrical body 100. 

Below the support disc 102 and in contact 
therewith there is a disc-shaped conveyor 122 
comprising a single cup 120. The conveyor 122 is 
25 mounted coaxiaily to the support disc 102 and 
rests on the horizontal plate 119 of the cylindrical 
body 100. 

The disc conveyor 122 is fixed onto a vertical 
shaft 114 and rests on an intermediate disc 103 

30 rotatably fixed on the plate 119 rigid with the cylin- 
drical body 100. As stated, the disc conveyor 122 
has only one cup, which consists very simply of a 
through hole 120 with two identical apertures 156, 
namely an upper and a lower. The dimensions of 

35 the cup 120 are such that it contains one dose of 
medicament to be dispensed. 

The shaft 114 can be rotated between two 
predetermined angular positions by a lower rotat- 
able knob 112. The knob 112 is connected to the 

40 shaft 114 by a free release mechanism visible in 
Rgure 10 and consisting in known manner of a pair 
of elastic tongues 113 engaging corresponding por- 
tions of a helical surface 115. 

Two limit stops, of which only one (the step 

45 117) is visible in Figure 10, aJlow the knob to rotate 
through an angle of approximately 180° between 
two positions, namely a position, known hereinafter 
as the filling commencement position, in which the 
cup 120 of the conveyor disc 122 is in the situation 

50 illustrated in Figure 11 (ie at one end of the base 
slot 128 in the container 124), and a position which 
has already been defined heretofore as the dis- 
pensing position in which the cup 120 of the con- 
veyor disc 122 coincides with the hole 126 in the 

55 intermediate disc 103, the hole 126 being coaxial 
with a hole 136 provided in the plate 119. 

When the cup 120 is in said dispensing posi- 
tion, the lug 132 of the knob 1 12 is against the step 
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134 on the cylindrical body 100, this step acting as 
a limit stop. Simultaneously, the tongues 113 of the 
free release device act against the steps 117 (of 
which only one is visible in Figure 10). Thus it is 
not possible to further rotate the knob 112 anticloc- 
kwise, whereas it can be rotated in the opposite 
direction, the free release device enabling the shaft 
114 and hence the conveyor disc 122 to be 
dragged in the same direction of rotation 
(clockwise), until the cup 120 has been returned to 
the filling commencement position of Figure 11. 

As can be seen from this latter figure, tongues 
121 located alternately on the two sides of the slot 
128 project into this latter. The tongues 121 have a 
double function, namely a first function of levelling 
or scraping the powder in the cup 120 when this 
latter passes under them, and a second, deriving 
from the presence of the lower protuberances 123 
(Figure 10) provided at the end of the tongues 121, 
of inducing a vibrating effect when the protuber- 
ance 123 snaps into the cup 120 or out of it. 

The combination of the two described effects 
enables complete emptying of the cup 120 to be 
obtained when as a result of the operation of the 
knob 112 the cup travels (outwards and back) 
along the slot 128 through its entire length. 

In order to aid the descent of the powdered 
medicament through the container 124 of the in- 
haler 2 there is provided a second vibration-pro- 
ducing device consisting of a toothed sector 164 
fixed to the top of the shaft 114 and hence rotat- 
abie with it, and engaged with a tongue 166 fixed 
to the container 124. 

Consequently, when the shaft 114 rotates in 
one direction or the other through the predeter- 
mined angle, vibrations are automatically generated 
to not only aid the descent of the powdered medi- 
cament contained in the container 124 but also to 
aid the filling of the cup 120 in the disc conveyor 
122. 

As can be seen from Figure 10, between the 
two holes 126 and 136 provided respectively in the 
intermediate disc 103 and in the plate 119, there is 
positioned an element having a circular sector 
shape when viewed in plan, and which is known 
hereinafter as the mobile plate 144 (shown by 
dashed lines in Figure 11), rotatable about the shaft 
114. The mobile plate 144 is rotated through a 
certain angle in the two directions by a mechanism 
comprising a cam 147 and cam follower 145 in the 
form of a prong 145 (Figure 11) fixed to the arcuate 
edge of the mobile plate 144 and engaged in a 
cam groove 147. This latter is formed within the 
inner wall of an element with an arcuate surface 
150 which is in contact with the inner wail of the 
cylindrical body 100 and is fixed at its upper end to 
the dispensing knob 138. Consequently, on press- 
ing the knob 138 the arcuate element 150 moves 



downwards, so that the mobile plate 144 moves 
from a rest position shown in Figure 11 to a dis- 
pensing position in which a hole 155 provided in 
the mobile plate 144 coincides with said holes 126 

5 and 136. The hole 155 has the same dimensions 
as the holes 126 and 136. However, as stated, the 
knob 138 also simultaneously operates the plunger 
106. This latter therefore completely enters the cup 
120 when the knob 138 is completely pressed. 

w Because of the coincidence between the cup 120 
and the underlying holes 126, 155 and 136 of the 
intermediate disc 103, the mobile plate 144 and the 
plate 119 respectively, the dose of medicament in 
powder form contained in the cup 120 falls into an 

75 underlying channel 152 and collects on its base 
154. The channel 152 is fixed to the cylindrical 
body 100 in a manner not shown in the figures. 
Said channel 152 has an outlet aperture 158 facing 
a window 160 provided in the cylindrical body 100. 

20 There is fixed to the knob 112 a mouthpiece 
180. the coaxial channel 172 of which coincides 
with said window 160 when the knob 112 is in the 
dispensing position. In Figure 10, the channel 172 
of the mouthpiece 180 is shown closed by a snap- 

25 fitted removable cap 174. 

In the channel 172 there is provided a device 
for disintegrating any particle agglomerates in the 
medicament to be inhaled. This device is of fixed 
type and consists of a helically extending channel 

30 portion 176. Specifically, the disintegration device 
consists (see Figure 10) of a central shaft 186 
carrying a coaxial helical element 188 occupying 
the entire remaining part of the channel 172 of the 
mouthpiece 180. 

35 It is however apparent that other disintegration 
means such as a rotatable impeller can be used. 

To complete the description of the inhaler 2. it 
is sufficient to state that if the patient places his 
lips about the mouthpiece 180 and sucks through 

40 the channel 172, external air is drawn through one 
or more apertures 178 provided in the cylindrical 
body 100. The apertures 178 communicate with the 
outside via the annular slot 184 between the knob 
112 and the cylindrical body 100. The air which 

45 enters through the apertures 178 passes partly into 
the channel 152 via its upper mouth 182 and 
leaves through its exit opening 1 58. Because of the 
particular form of the channel 152 vortices are 
generated in the traversing air stream, to result in 

so complete removal of the dose of medicament in 
powder lorm which has fallen onto the base 154, 
and which mixes with the air. The air stream load- 
ed with powdered medicament passes through the 
port 160. through which there also passes the 

55 remainder of the air which had entered via the 
apertures 178. Thus satisfactory dispersal of the 
powdered medicament is obtained. 

The air stream loaded with the powdered medi- 
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cament then passes into the channel 172 of the 
mouthpiece 180, to encounter said portion of hel- 
ical extension 176 which disintegrates any medica- 
ment particle agglomerates present. 

Thus an air stream loaded with medicament in 
powder form adequately mixed with air and free of 
agglomerations enters the bronchial passages of 
the patient 

If it is required to inhale the medicament 
through a nostril rather than through the bronchial 
passages it is necessary only to fit the inhaler 2 
with a suitable nasal adaptor, which can for exam- 
ple be snap-fitted to the described mouthpiece or 
can replace this latter. 

The inhaler 2 also comprises a conventional 
dose counting device or an indicator device which 
warns when only a certain number of doses are left 
before total depletion of the medicament, so that 
the patient is able in good time to acquire another 
loaded inhaler or to recharge the inhaler if this is 
possible. In the illustrated case, for this purpose 
there is fixed on the shaft 114 a pinion 190 engag- 
ing a conventional mechanism 192 for counting 
doses or for warning of near depletion of the stock 
of medicament. The number of doses still available 
or the relative signal is visible through a transpar- 
ent window 194 provided in the cylindrical body 
100. 

Instead of using a disc conveyor like the disc 
in the embodiment shown in Figs. 7-11, in the 
inhaler according to the present invention one can 
obviously use a reciprocating slide conveyor which 
is provided with a cup shaped as a hole which is 
similar to the one (120) in the embodiment of Figs. 
7-11. This will entail obvious . changes in the other 
portions and mechanisms that make up the inhaler 
with reciprocating slide conveyor. 

Claims 

1. A multi-dose inhaler (1; 2) for medicaments in 
powder form, comprising a container unit (24; 124) 
for the medicament in powder form, a withdrawal 
and dose preparation unit (22, 26; 122, 126) for 
said medicament, and a unit (1 6, 50; 1 52, 1 76) for 
mixing the dose of medicament with an air stream 
which is generated within a duct (48; 152. 172) as a 
result of sucking by the user, characterised in that 
the withdrawal and dose preparation unit com- 
prises: a cup-type conveyor device (22; 122) pro- 
vided with at least one cup (20; 120) for withdraw- 
ing from the container unit (24; 124) a certain 
quantity of powder and conveying it into a dispens- 
ing position, the cup (20; 120) having two coaxial 
identical holes (56; 156); and a plunger-type dis- 
pensing device (36; 106) disposed above the mix- 
ing unit, said plunger (36; 106) being insertable as 



an exact fit into and withdrawable from said holes 
(56; 156) in the cup (20; 120) when this latter is in 
said dispensing position, to cause a dose of medi- 
cament in powder form to fall into the mixing unit. 

5 2. A multi-dose inhaler (1; 2) as claimed in claim 1, 
characterised in that a wall (19; 119) separates the 
withdrawal and dose preparation unit from the mix- 
ing unit, an aperture (55; 155) being automatically 
openable in said wall to enable the dose of medica- 

70 ment in powder form to fall into the mixing unit 
following operation of the plunger (36; 106) when 
the conveyor device (22; 122) is in the dispensing 
position. 

3. A multi-dose inhaler (1 ; 2) as claimed in any one 
75 of the preceding claims, characterised by being 

provided with means (64, 66; 123; 164, 166) for 
producing vibrations. 

4. A multi-dose inhaler (1 ; 2) as claimed in claim 3, 
characterised in that the vibration-producing means 

20 (64, 66; 123; 164, 166) are operated by the move- 
ment of the conveyor device (22; 122). 

5. A multi-dose inhaler (1; 2) as claimed in anyone 
of the preceding claims, characterised in that the 
conveyor device (22; 122) is manually operated. 

25 6. A multi-dose inhaler (1; 2) as claimed in claim 5, 
characterised in that the conveyor device (22; 122) 
is manually operated by a knob (12; 112) which 
operates the conveyor device (22; 122) by way of a 
coaxial shaft (14; 114). 

30 7. A multi-dose inhaler as claimed in any one of 
claims 1 to 4. characterised in that the conveyor 
device is motorized. 

8. A multi-dose inhaler as claimed in claim 7, 
characterised in that the motorized operation of the 

35 conveyor device is obtained by an electric micro- 
motor of stepping type powered by batteries con- 
tained within the inhaler body. 

9. A multi-dose inhaler as claimed in claim 8, 
characterised in that the batteries are of rechar- 

40 geable type. 

10. A multi-dose inhaler (1; 2) as claimed in any 
one of the preceding claims, characterised in that 
the plunger dispensing device (36; 106) is manually 
operated. 

45 11. A multi-dose inhaler (1; 2) as claimed in claim 
10, characterised in that the device for manually 
operating the plunger dispensing device (36; 106) 
comprises a knob (38; 138) to be pressed by the 
fingers which is fixed to the plunger (36; 106), and 

50 a return spring (40; 140) for the plunger which 
returns this latter into its rest position when the 
finger action ceases on the knob (38; 138). 

12. An inhaler as claimed in any one of claims 1 to 
4 and 7 to 9, characterised in that a microproces- 

55 sor means is provided to control all or part of the 
motorized devices of the inhaler in accordance with 
a predetermined program. 

13. A multi-dose inhaler (2) as claimed in any one 
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of the preceding claims, characterised by compris- 
ing a conventional device (190. 192) for indicating 
depletion of the medicament in the container (124). 

14. A multi-dose inhaler (1; 2) as claimed in any 

one of the preceding claims, characterised by be- 5 
ing rechargeable with medicament in powder form. 

15. A multi-dose inhaler as claimed in claim 14, 
characterised in that recharging is done by replac- 
ing the container unit, which is removable. 

16. A multi-dose inhaler as claimed in any one of ;o 
the preceding claims, characterised in that if the 
dose of medicament in powder form is to be ad- 
ministered nasally, the inhaler is provided with an 
adaptor shaped to adapt to the nostril of the pa- 
tient. '5 

17. A multi-dose inhaler (1; 2) as claimed in any 
one of the preceding claims, characterised in that 
means (50; 176) are provided in the mixing unit to 
disintegrate any medicament particle agglomerates. 



20 



25 



30 



35 



40 



45 



50 



55 



9 



EP 0 424 790 A2 




10 



EP 0 424 790 A2 




EP 0 424 790 A2 




12 



EP 0 424 790 A2 




13 



